The objectives of the present study were to recover and identify volatiles organic compounds (VOCs) in the wastewater (WW) coming from a soluble coffee industrial plant. For VOCs recover, the WW was concentrated by pervaporation using a polydimethylsiloxane (PDMS) membrane. Furthermore, the solid phase micro extraction (SPME) and gas chromatography-mass spectrometry (GC-MS) were used for VOCs identification. The multivariate method of principal component analysis (PCA) was performed to evaluate differences amongst the feed and concentrate streams. Regarding the number of VOCs identified in the wastewater (33) and permeate (72), a significant statistical difference at p < 0.05 was observed. Clusters discriminating were clearly observed, as the feed and permeate streams are compared. Thus, we can conclude that pervaporation process using a PDMS membrane was effective to recover different class of VOCs present in the aqueous effluent and can be recommended for industrial wastewater treatment.
Introduction
Brazil is the largest coffee producer and exporter worldwide. Brazilian coffee is commercialized either as green * Corresponding author. and roasted coffee beans or as soluble coffee with green beans representing the major export volume (ABIC, 2013) . Instant coffee is a convenient alternative for daily consumption, nevertheless a lacks most of the VOCs in the water during solutes extraction stage causing an important decrease in the overall coffee flavour.
The food and beverage industries are major consumers of water. In particular, the instant coffee industry consuming, only in the extraction step, as much as 8 -12 tonnes of water per tonne of coffee ground in the feed. Thus, the challenge of soluble coffee companies is advance in a new technology to simultaneously recovery the VOCs loosed in the effluent and promote an opportunity for wastewater recycling.
In general, VOCs are potentially dangerous to humans consume. Regarding the reuse of wastewater in the instant coffee industries, toxic compounds have to be removed to attend chemical requirements and safety certification. Hence, information about the VOCs composition in the wastewater from instant coffee would be of great interest.
In the case of diluted multicomponent mixtures, the traditional methods for VOCs water treatment are not efficient. However, it is possible to remove almost all of the organics from wastewater by pervaporation membranes on an industrial scale [1] [2] .
Pervaporation, a membrane separation process, is an alternative recently evaluated to recover contaminants from industrial wastewater and to concentrate VOCs of natural sources. Its high separating efficiency and, above all, the minimal volatile losses through the use of mild temperatures, make pervaporation suitable for volatile compounds concentration. The key advantages of pervaporation over distillation process are lower energy consumption and high selectivity [3] [4] [5] [6] .
The SPME has been considered a fast and reliable tool to study the behavior of VOCs from coffee extract and provides a very high concentration of these compounds on the microfiber containing the stationary phase and thus is recommended for trace analysis [6] [7] .
Pervaporation can be a potential technology to concentrate the diluted organics solutions and, consequently, to wastewater treatment. In this context, this study combined pervaporation and HS-SPME-GC-MS to, respectively, recover and identify, for the first time, the main coffee organics compounds in the wastewater streams from a soluble coffee industrial process.
Materials and Methods

Raw Material
The wastewater aromatic solution was supplied by a Brazilian soluble coffee company, coming from a blend of Brazilian Robusta and Arabica varieties. To preserve the volatile compounds, the samples were stored at 16˚C until processing.
Pervaporation Process
The industrial wastewater used as feed streams was circulated during three hours in a plane module membrane system, measuring 28.3 cm 2 , with dense anisotropic membrane (Velterop-Pervatech ® ), thermostatic bath (Nova Técnica Model NT 281) and vacuum pump (Varian SD-90). The vacuum was maintained below 200 Pa at the downstream side of the membrane. These experiments were conducted in duplicate at 25˚C, 35˚C and 45˚C. This vapour phase was then condensed in cooler using liquid nitrogen at −196˚C. Samples of collected permeate were submitted in triplicate to chromatographic analysis.
PDMS is the more flexible hydrophobic membrane commercially available and was frequently used for concentrating diluted organics compounds from aqueous media. According Brooks & Livingstone [7] the PDMS membrane was recommended to VOCs recovery in waste water due to both his high selectivity and permeability.
The membrane cleaning was carried out by using diluted alkaline solutions followed by deionised water up to the original water permeability (1 kg•h −1
•m −2 ) accord to manufacturer's recommendations.
Extraction of Volatile Compounds
The volatiles in the feed and permeate were extracted by HS-SPME using a fibre covered with a film of divinylbenzene-carboxen-polydimethylsiloxane (DVD/CAR/PDMS) Supelco, Bellafonte, PA, USA, conditioned at 270˚C under helium flow for 1 h, in accordance with the manufacturer's recommendations. For each extraction, 1 g of the sample was kept in a 4 mL vial under agitation. The sample was maintained at 65˚C for 1 hour. Subsequently, the fibre was exposed to the headspace of the vial for 15 minutes. Thermal desorption was accomplished by exposing the fibre to the GC injector at 250˚C for 3 min. Blank of analyses were run daily to ensure the absence of fiber carryover [8] . All extractions and GC analyses were performed in triplicate.
Chromatographic Analyses
An Agilent 6890N gas chromatograph with a flame ionisation detector and fitted with a 5% diphenyl 95% dimethylpolysiloxane capillary column (30 m × 0.32 mm × 0.25 μm) was used. The oven temperature was kept at 40˚C for 3 min, then raised to 240˚C at a rate of 3˚C•min −1 and maintained at 240˚C for 10 min. Hydrogen at a rate of 1.7 mL•min −1 was used as the carrier gas. The injector was operated at 250˚C in the splitless mode. The detector temperature was 280˚C.
Identification of Volatile Compounds
The identification of the volatile compounds eluted from the GC was carried out using a quadrupole MS operating at 150˚C, with the ion source at 230˚C and the transfer line at 260˚C. The electronic ionisation mode was used, with ionisation energy of 70 eV. The mass spectra obtained was recorded and compared to those of the Wiley 6 th ed. and NIST version 2.0 libraries. Linear retention indices calculation was based on the retention times of the compounds and those of a series of n-alkanes, injected in the same column and analytical conditions and then compared to literature data [9] . Standard solutions of furfural, benzaldehyde, guaiacol, 2,6-dimethylpyrazine and 2-ethylpyrazine (Sigma-Aldrich, Steinheim, Germany) were prepared by dilution of these compounds in dichloromethane (1.0 mg•mL −1 ) and injected in the chromatograph under the same conditions as above to confirm VOCs identification.
Statistical Analysis
Statistical analysis was carried with STATISTICA package version 8.0 (StatSof). One-way ANOVA and Fisher-LSD (p < 0.05) test were used for evaluate the differences between the number of VOCs coming from the wastewater and concentrate stream. Discrimination between chromatographic samples profiles submitted to the pervaporation process was evaluated by principal component analysis (PCA) and partial least squares (PLS) using the software Unscrambler ® , version 9.1 (Camo Corp.). PCA was carried out on the semi-quantitative data obtained by the relative percentage of the areas from the identified VOCs.
Results and Discussion
Pervaporation
As expected, a positive effect was observed on the permeate flux through the membrane as temperature of feed streams was increased varying of 10 ± 2 L•h 
Identification of Volatiles Compounds
The total number of VOCs obtained, by SPME, in the permeate differs statistically at p < 0.05 as compared with feed, in the evaluated temperature range ( Table 1) . In these conditions, about 34 to 41 VOCs were detected in the permeate (WP) and only 16 in the wastewater (WW). Although similar organic compounds were found, the relative amounts of individual compounds were very different. As can be observed, the major chemical classes identified in the WP include, respectively, furans (31.3%), phenolic compounds and pyrazines (12.5%), pyridines, aldehydes and pyrroles (6.3 %) (Figure 1) .
Furthermore, was found that 2-acetylfuran followed by furfural were the most abundant compounds in the WP. The 2-acetylfuran and furfural occurs in many foods and flavourings and has been reported as representative of coffee flavour [13] . However, high exposure to these compounds can cause skin allergy. In particular furfural is toxic with an LD 50 of 65 mg•kg −1 [14] . Figure 2 shows the PCA scores and loadings bi-plot obtained with selected chromatographic data from the Table 1 .
feed and permeate, at different temperatures, responsible for discriminate the different organic compounds. Multivariate analysis describes 67% of the data with two principal components (PCs), where PC1 and PC2 includes most of the data variability, respectively 41% and 26% of the total variance. In the temperature range evaluated (25˚C to 45˚C) the analysis of loadings coordinates shows that WW and WP can be clearly discriminate as regarding their chromatographic flavour profiles. Additionally, the effect of temperature on solubility and volatility of VOCs promote a significant difference between the permeate flavour profiles obtained at the 25˚C, 35˚C and 45˚C (Figure 2 ).
Conclusions
This paper presents a study on the pervaporation for recovering VOCs in the WW coming from an instant soluble coffee industrial plant. The classical HS-SPME-GC-MS method was used to VOCs identifying. The main conclusions are: 1) The pervaporation using a PDMS membrane was efficient to concentrate in permeate a lar-ger number of different chemical substances, as compared to the currents techniques used for qualitative evaluation of VOCs in aqueous media; 2) The relative amount of recovered VOCs in the permeate is about one hundred higher as compared with wastewater; 3) The pervaporation process promoted the water treatment by removing mainly the undesirable compounds present in the wastewater.
Furthermore it can be observed that the WP coming from instant coffee industries presents a rich composition in typical coffee aromas (honey-like, sweet, flowers and fruits notes) and may be used to enhance the aroma quality of coffee based products.
